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Concrete mixes containing water-reducing admix-
tures were compared to plain concrete with
réspect to cracking resistance. The shrinkage
of concrete was restrained by an internal steel
bar. The measured strain in the bar was used

to compute the stresses in the concrete up to
the point of cracking., = The tension induced by

‘the restraint of drying shrinkage of the concrete

ultimately caused failure by tensile cracking.

O
on unrestrained shrinkage specimens.

Corresponding shrinkaas neasurements ‘were made

The test procedure originally developed for thieg
study was changed daring the course of ‘the pro--
ject to overcome some apparent failure. to achieve

adequate bond to steel, Although the changes .

eliminated further bond failures, additicnal’
modifications would have to be made to improve
repeatability and sensitivity of the test, &

large nuwber of tests would be required to

produce statistically significant results. -

Concrete, portland cement,'admixtures,_restrained'
shrinkage, cracking, testing test methods., :

.
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INTRODUCTION

-Since some water-reducing admixtures inerease drying
shrinkage, their use in concrete in California highway and
bridge construction is restricted. In an effort to minimize
cracking and other problems associated with drying shrinkage,
specifications have been written to prohibit the indiscriminate
use of admixtures and to limit the dosage of any admixture
approved for use. : '

Although some suppliers of water-reducing admixtures claim
that their products reduce the cracking tendencies of concrete,
nothing could be found in available literature to either substan-
tiate or refute their claims. The rascarch reported here was
Initiated to investigate the cracking resistance of conerete

-containing such admixtures compared to that of similar concrete
- without admixtures. ' : ' '
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Vhile there were some incons encias in the test results,
the following limited conclusicns can be drawn,

953

The addition of & water-reducer incrsased drying shrinkage
and shortened the time to concrete failure in tension. The effect
of the two water-reducing retarders on shrinkage and time to
cracking wes not significant. ' '

‘The test procedure as used lacks suifificient sensitivity

11 differances in. shrinkage

for comparing concretes having smal
caused by admixtures. :
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This crack1pr resistance study involved fabricating
concrete beams with inte rﬁ”*Tglnf allowing them to dry
and shrink, then c11cu1$< the st_bSG in the concrete at the
time of cracking. Specimons febricated for restrained shrink-
age tests contained a 1-1/4-inc h dizmiter stee 1 rod, the ends
of which were threaded to achieve bond. The central poleon
of the rod was prevented from bonding to the concrete by a

rubber sleeve (see Figure 1).

lam
51*

Unrestralﬁed'shrinkagé specimens were also fabricated
to determine drying shrinkage of the concrete after 14 days
of drying and at the time CfuCkJDO occuyvred in the restrdlned
spnﬂlmuns.

Three series of tests were made during this study.
Aggregates for the first two serieo were of l-inch maximun
8ize from a source that exhibits comparatively high shrinkage
characteristics. Aggregates for Lha third series were also
of le-inch maximum size, bLf were from the American River near
Sacramento and have c0951dprhbl} Lower shrinkege characteris- -
tics. All mixes contained 52% coarss a, regote and 48% sand,

.and Type IT modified cement conforming to California nghwhy _
Specifications, except for one mix in “Series 3 which was made
with commercially avallable compensated shrinkage cement.
PhYulCdl propﬂrt1os of the mixes are shcown in f“ble 1,

ffq, 4] *
IR Nt

Three dlff@rent water- reducxno admixtures were uscd
in the tests. The manufecturer’'s quﬁml ‘reconminended dosage was
used for the mixes containing ads 1ixtures., Tbb admixture
designations and descrileong are: -

+

Admixture _ _ - Descripti or
o - ' o : A Water Reducer (Lignosulfonate)
B Water Reducing Set Retarder
(Hydroxylated Cdroo cylic Acid)
C Vater Relucing Set Retarder
(Lignosullcrnate)

AT11 batches witlhh the 2
rere mixed on the game

series v
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mixed on a different day, usuwally a week or more latar than the
preceding batch,

Test Series No., 1

Two concrete mixes ware used IiIn this series » a control
mix with no admixture and one with admixture A.  Two rounds of

each concrete were mixed., A 5x5x40-inch rbotralpnd specimen

‘and an unrestrained 4x5x18-inch shrinkage specimen was fabricated

restraining rod was
mixes were dﬂ&ignatcd

from each batch. The 1-1/4«inch dian
threaded for 3 inches on each end.
1 and 2 respectively (sze tables).

Test Series No. 2

In this series, three batches cof sach of three concrete
mizxes were made, These mixes consisted of a control; one con-
taining admixture B and cne admixture €, Three 5x5x40-inch
restrained specimens and three 4x5x18-inch shrinkage specimens |,
were fabricated from each concrete mixz, Oune restrained specimen
and one unrestrained shrinkage specimzn was fabricated from each
batch of concrete. The restraini ng rods were threaded fer 3
inches on ecach end. These mixes were designated 3, %4, and 5
respectively.

Test Series No, 3

: TFor thiq'sor’es of tests, the restraining system was
altered to reduce the pOSSTblllfy of bond failure The length
of‘threads on each end of the steel rods wos inereased from.

3 inches to 4 inches., The cross-~section of the beam was reduced
from- 5x5 inches to 4.5 inches, & 3=inch diaweter heop wade from
a No. 3 reinforcing bar was pTC"fd around the approximate conter

‘of the threaded portlon of th steel rod as the concrate was

-p]acod. ,
. Two rounds of each of four concrete wmixes were made; &

control, and mixes containing admixtures A, D, a G hes

~mixes were designated VOQ a: ective n

batceh of a concrete wix,
compensated shr nkcLC cemer

men and one 4xS5xif-inch shr

each QQL"W o{ CONCT “te.
CN] L{,Ll
fro* E1c1 b‘LCQ.'
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Restrainsd Shrinkase Tests
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ALYl of the

40-inch restrained shrinkage specimens were
eured for 7 deys in the moist room (73°F and 100% relative
humidicy}, then placed in laboretovy air at 73°F + and 50%
relut?v;ﬂhumiditV. Initial length rascurements were made quq
removal from the moist rcom follow ¥ mzasurements taken at-
1e;st three times weelly until the crete cracked,
. in Test feries No. 1, length changes of the steel were
determinzd from three SE4 strain gegzes placed under the rubber
sleeve at a distance of 12 inches frow one end and at points 1?0°'
apart on the 1raumferenye. _For the other two seriecs, measure-
ments were made with a length compaz,_dr {sec Figure 2)

Tensile stresses in the concrets ware calculated from _
the length measurements by determining the change in length of
the steel rod and using the equation: :

= () (2

Where S, = tréss in concreta
_ c

AT = change in le gtf o restraining steel
rod fdlffer nce between initial lznzth
and lenénh at ¢ime of measurement)

el

nde 1cquh
7. 1ngh:*
a3 for

L= Gage leangth of stezl
plus onﬁ“na1£ bonded
for Series 1 and 2z,
series 3

Ag = Cross-szctional arsa of steel in square

-inches
Aq = Net cross-secilonzl sres of concrate in
,agu;r inclies - o

) o
ES_‘:‘_' Iodulus of elasticiiy of steel, 3CK10"3 Psl

ALfrer the concrete in the vestrained bsam had cracked, the
‘stress at failure was computed using Lhe length measured on the
preceding reading. The actual forces present at the inztant ox
‘cracking thereslfore, a&re prcbab g 1y higher than tndicated,
_"{':.ISQ, AcCUTrECY O:E tt\g Ca?wulg < y is d(—‘,i)ffﬂdﬁ‘.ﬂi LL"A-! l--lle
strain of the steel and conecrete baing equal. I any bond
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Restrained Snecimens
i

The test results a: tab leted in Table 2, show that the
concrete in Series 1 fai tension at a very early age.
The concrate containing € A&, & water-reducer, fajled
at an averaga of 17 dqys ¢ d to 24 days for the control
concrete, although ths ind concrete tensile stress at
failure was almost 100 psi tter in an admixture concrete.
The tensile stresses in the
computed from strain gage rea

-
'
3
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i
t
&
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this test. series were
tak:r on the steel.
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In Series 2, five of nine specimens failed in bond
rather than in tension. The specimens which failed in bond
were first obszyxved to have two or threc hairline cracks on
the ends. These cracks radiated outward from the steel rod -
through the center, and increased in length and size as
failure progressed. The ultimete bond failure was detected
by observing a reversal in length measurcments made with a
comparator. Stresses coantea at concrete~to-steel bond
failures wevre in the same range as stresses of similar con~
crete at concrete ten511 failure Howaver, it was felt that
more valid comparisons could be drawn if bond failures were:
eliminated from the analysis. The described changes were
made to reducc the p0551b111ty of boud feilure in future
tests.

In Series 2 also, tensile failure occurred in the
admixture concrete sooner than in the control concrete. _The
calculated tensile stressss were less FO the admixture con-

crete than for the controel concretfe.

o . - . The changes made in beam size and end restrainment. for.
' Series 3 are believed to have prevented bond failures.
Another problem occurred however; the second round of Series 3
of all concrete mixes (mlved about one week after the first
rourd), required a much longer time to rrgck. The cause of
this plb‘Tﬂm may be WHAJP‘t“d by messuvements taken at the end

)

LA s

of the wet curing peoriod.  Tor some LHOXplﬁlndbl° rezson, the
concrete in the restrainad s specimeng from the firstc roun
appeared to ba in tension a slight 'U:LnL thTe that from
the sécond round appesred to be In comp: amounts

fyom the
from the

ranging fyom 30 to 60 psi when they
moist curing room. Lt appecars that
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First round did not receive sufficient moisture to provide the

slight normal expansion that occurs with wet cuoring. Moist room
record charts for this time period de not reveal any moisture or
temperature variations which could provide an explanation of

the suupected molsture deficiency in sows of the specimens. Again
the calculated tensile stresscs at failure were less, on the ’
average, for the adwmixture concrete than for the control concrete
although by only a small amourt. ' : ’

h° restrained spacimen made with compensated shrinkage
cement failed in *czsion at 2 comparatively Larly age and at a
low calculated tens Tess. It was expecitad that the expansion
provided by tha'' exp“ndin” cement' would produce a considerable
amount of compressive stress in the concrete by the end of the
curing period and thus extend the time to failure. However,

-measurenments made during the curing period indicated variaticns

in stresses from 40 psi tensicn after one ca vy ¢f cure to 20 psi
compression after seven days. This beam was fabricated and
cured at the same time as the first bestches ¢f the other concretes
in Series 3, and apparently it also did not recezive sufficient
moisture to producc the expected expansion.

necessary to perform additional tests, perbaps using & new or

improved test pLDCLdllL, to verify these

- Tables 3 and 4 have been re bulated from data showvn in
Table 2 to illustrate the effect of admintures tesfed on time
to cracking. Series 7 data has been excluded because of the bond
failures that occurred. Uhile these data ere consi dcred indica-
tive of admthure effects, they are very limited and it would be
per

Unrestrained,Snecimens

®
@]
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the unrestrained Sp&cimens are

of admixture a water-reducer,.’
dl}lﬂ“ shrinkagae of apPrOXLEAfely 30%.
ficant ect on unrestrained

£ the concrete wmade with the

is readily apparent.

- The drying s
- shown in Table 2.
resulted in an incyre
The other admixtures had
shrinkage, The lower sh
local aggregete used in
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Flerural Strengch Spacimons

crrzlation babiecn
‘ned shrinkage
from the flaxural
of moduli of

53 1la strangthe.

. Thers doecs not appear to be a
tensile strengzth as determined from
'beams'and the modulus of rupbure as

cets., Tha limited data indicate a
rnpt e for a comparatively nerron ba
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TaBiy 1

Physical Propertiess of Fresh Concrete Mixes®

Cement
_ Slumpliiritnic wr.|Net /¢ | recror
Series | Mix Type of lix ins.r % 1Lbs./CF |Lbs./Sk.|sk,/cy’
1 1 { Control : "3.5 11.7) 148.7 53.0 | 5,95
2 | W.R {Water Re éLcer) 3.5 12,7} 149.3 47.8 6.00
2 3 Control _ 3.3 [1.7] 148.6 52.4 6.00
4 | Y, R-retardsr B 3.8 [1.92] 149,44 51.1 5.94 .
-5 | U.R~retarder C. 3.7 [3.2] 148.2 47.6 | 5.97°
3 6 | Control 3.3 {2.3] 152.3 50.8 6.06
7 | W.R. A 3.4 12,00 15104 47,6 6.05°
8 | W.R-retarder 3 3.5 [1.5] 153.0 47.2 6.09
9 W.R~retarder C 3.4 12.0] 151.7 46.5 | 6.07
10 | Compen qated 3.5 12,11 150.1 50.0 | 5.99
Shrinkage Cement R g ' '

=;0Phy€1Cd1 properties are an average of two tests for M1x°s 1,
2, and 6 through 9, and an average of three tests for Mixes 3
throuOh 5. Mix 10 is only one test, : .
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TABLE 2

' . . Modulus
Concrete beams restrained with % Drying Shrinkage| of Rup~
1.25" diameter x 40" steel bar* | 4x5x18-inch Bars ture at
Failure, Cale. Conc. ' At Concrete
Series | Mix Designation Days Type of Stress, psi | 14 days Concrete | Failure,
Number | Mix, Batch, Agent | Drying Fallure Tension Drying Failure psi
1 1-1 Control 22 Tensile 225 0.039 0.050 .
1-2 Control 26 Tensile 75 0,037 0.051 ueemaaa
Average 24 . 200 0,038 0.051
1 2-1 A 18 Tensile 305 0.051 0.056
2-2 4 16 Tensile 265 0,049 0.052 mrem——aa
Average 17 285 0.050 0.054
2 3-1 Control 45 Bond¥* 345 0.035 0.069
3=2 Control 58 Bond#* 315 0.033 0.072 S S
3+3 Control sl Tensile 375 0.035 0.069
Average 51 : 375 0.034 0.070
2 4=1 B 37 Tensile 335 0.035 0,060
4«2 B 41 " Bond¥* 280 0.035 0.064 “m————— -
4-3 B 42 Bond¥* 380 0.037 0.065
Average | 37 335 0.036 0.063
2 5-1 ¢ 41 Bond## 365 0.037 0.069
3=2 ¢ 37 Tensile 315 0.037 0.062 e mmem——
5-3 ¢ S0 Tensile 370 0.038 0.072 '
Average 44 . 345 0.037 0,068
3 6-]1 Control 38 Tensile 390 0.028 0.035 565
6=2 Coritrol 62 Tensile 410 0.023 0,049 770
Average 50 400 0.025 0,042
3 7=1A 20 Tensile 360 0.031 0.037 515
_ 7-2 A , 32 Tensile 390 0,033 0.044 660
Average 26 375 0,032 0,040 _
3 8-1 B 34 Tensile 335 0.024 0.035 315
8-2 8 a8 Tensile 395 0.025 0.045 - 713
Average | 56 365 0.025 0,040
3 9-1 C 38 Tensile 410 0.028 0.041 650
9-2 ¢ 77 Tensile 380 0.025 0.052 743
Average 58 395 0.027 0,047
3 10 C.5,Chkx* 29 Tensile 290 0.025 0.037 415
*  5x5x40-inch beams for Series 1 and 2, and 4x5x40-inch beams for Series 3.
*%  Beams which failed in bond are not included in the averages or comparisons of
‘restrained shrinkage beams. :
*%%  Compensated shrinkage cement
Note: Admixture A - Lignosulfonate - water reducer

B « Hydroxylated Carboxylic Acid - water reducer-set retarder
C -« Lignosulfonate ~ water reducer-set retarder
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) - Length comparator in position for
. length measurements

Figure 2
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